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ABSTRACT OF THESIS

INTER-RATER RELIABILITY OF DIAGNOSTIC LANGUAGE TESTING
ADMINISTERED VIA TELEPRACTICE
Federal law mandates children with language disorders receive free and
appropriate intervention. Diagnosis is the first step in the intervention continuum;
however, children in rural America are underserved due to personnel shortages. Limited
studies have demonstrated the reliability of language testing conducted via telepractice.
Further research examining the reliability of language tests administered via telepractice
is necessary. The purpose of this study was to assess inter-rater reliability of three
language tests administered via telepractice.
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Chapter One: Introduction
Overview
Currently, there is a disparity in availability of medical and rehabilitative services,
specifically speech-language pathology, in rural and underserved areas of the nation.
Advances in telecommunications have offered health professionals new models for
delivering health care to patients in remote locations over the past decade. In 2003, the
American Speech-Language-Hearing Association (ASHA) recognized telepractice as an
acceptable alternative service delivery model for the delivery of speech-language and
swallowing services, but legislation in several states require potential patients be
evaluated in-person prior to receiving telepractice services. This poses an issue as many
individuals requesting services via telepractice do not have access to an in-person
evaluation, therefore they are not eligible for and do not receive services. The purpose of
this study is to compare inter-rater reliability between in-person and tele-administered
diagnostic language tests to assess if the two modes of evaluation are comparable.
Literature of this nature is increasing with evidence demonstrating that telepractice is an
appropriate alternative to in-person evaluation, however, systematic evidence is needed to
change policy prohibiting underserved populations from accessing the services they need
and deserve.
Language Impairments
In the United States, 3.3% of children are diagnosed with a language impairment
(Black, Wahratian, & Hoffman, 2015). The American Speech-Language-Hearing
Association (ASHA) defines a language impairment as impaired comprehension and/or
use of spoken, written, and/or other symbol systems. The impairment may involve (1) the
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form of language (phonology, morphology, syntax), (2) the content of language
(semantics), and/or (3) the function of language in communication (pragmatics) in any
combination (American Speech-Language-Hearing Association, 1993). Although a
language impairment may involve any of the major aspects of language (Bloom & Lahey,
1978), deficits specific to semantics and syntax have been noted as defining features in
said population and may result in residual communication problems throughout
adolescence and adulthood, even when speech and language services have been provided
(Aram, Ekelman, & Nation, 1984; Conti-Ramsden, Botting, Simkin, & Knox, 2001;
King, Jones, & Lasky, 1982).
Effects of language impairment across developmental domains. Research
indicates language impairments may have negative, life-long academic, socio-emotional,
and behavioral ramifications. Children identified with language impairments in
kindergarten fail to demonstrate commensurate language skills as same aged peers during
elementary school, and language problems are likely to persist and worsen over time
(Catts, Fey, Zhang, & Tomblin, 1999; Catts, Fey, Tomblin, & Zhang, 2002; Fey, Catts,
Proctor-Williams, Tomblin, & Zhang, 2004; Johnson, et al., 1999; Rice, Hoffman, &
Wexler, 2009; Tomblin, Zhang, Buckwalter, & O’Brien, 2003). Language impairments
are frequently accompanied by psychosocial, emotional, and behavioral difficulties that
continue throughout adulthood (Benner, Nelson & Epstein, 2002; Howlin, Mawhood, &
Rutter, 2000; Jerome, Fujiki, Brinton, & James, 2002; U.S. Department of Justice, 2015).
Academic achievement. The age of five years appears to be a pivotal moment in
the amelioration of a language impairment. While language difficulties resolved by five
years six months improve prognosis, children still fall behind their peer group over time
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(Stothard, Snowling, Bishop, Chipchase, & Kaplan, 1998). Over 70% of children
identified as language impaired at age five continued to struggle in the domains of
literature, cognition, and academics at 12 and 19 years of age (Johnson et al, 1999;
Stothard, Snowling, Bishop, Chipchase, & Kaplan, 1998), and language problems
emerging in middle school can be traced back to initial identification by age five
(Beitchman et al, 1994).
Decreases in overall language, vocabulary acquisition, and syntactic skills greatly
impact literacy development, which cause these children to struggle in the educational
setting (Nation, Cockset, Taylor, & Bishop, 2010; Scott, 2009; Wise, Sevcik, Morris,
Lovett, & Wolf, 2007). Noted deficits seen in children with a history of language
impairments often have long-term effects through secondary education (Durkin, Simkin,
Knox, & Conti-Ramsden, 2009; Rescorla, 2009). For example, Conti-Ramsden and
Durkin discovered that 12% of students with language impairments as compared to 8% of
their typically developing peers did not enroll in university However, more than 80% of
students with language impairments pursued vocational positions (mostly elementary and
service occupations), whereas typically-developing peers had skilled and associate
professional occupations. The authors questioned if the lack of popularity of academic
qualifications in higher education for those with language impairments may be an
adaptation, and proposed a higher level of support for these individuals may increase
their pursuit of further academic education (Conti-Ramsden & Durkin, 2012).
Psychosocial and emotional development. Language, psychosocial, and
emotional development have proven to be interrelated (Cohen, 2010) and students with
low academic and language performance have reported difficulty in these areas (Joffe &
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Black, 2012). During childhood, students with language impairments have rated
significantly lower for emotional regulation (Fujiki, Brinton, & Clarke, 2002) and have
demonstrated distinct social and behavioral problems (Mawhood, Howlin, & Rutter,
2000). Adolescents with language impairments are more likely to experience shyness
(Wadman, Durkin, & Conti-Ramsden, 2008), and have been shown to demonstrate
poorer self-perception in scholastic competence, social acceptance, and behavioral
conduct than typically-developing peers (Jerome, Fujiki, Brinton, & James, 2002). Along
with language impairments, these social difficulties have been shown to persist into
adulthood. In a long-term study, 10% of children ages 7-8 who were language impaired
had severe social difficulties at ages 23-24 (Howlin, Mawhood, & Rutter, 2000).
Behavioral difficulties. Adolescents with language impairments have been shown
to be at an increased risk (30-40% greater than peers) for behavioral difficulties (Lindsay
& Dockrell, 2012). In turn, these difficulties impact language, literacy and interpersonal
demands of the classroom, which may begin to separate children with language
impairments from typical-developing peers early in life (Snow & Powell, 2012). This
separation may negatively impact children, prompting them to “act out” in and out of the
classroom setting. Language impairments are co-morbid in 68% of children with
Emotional Behavioral Disorder (Benner, Nelson & Epstein, 2002), and this combination
significantly impacts a child’s educational outcomes, with a reported graduate rate of
29% (Beard & Lance, 2011). High rates of speech, language, and communication
difficulties have been reported in the young offender population (Bryan, 2004). These
behavior difficulties persist throughout development, and if unresolved, may lead these
individuals into the criminal justice system. In a Special Report by the U.S. Department
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of Justice, 32% of prisoners and 40% of jail inmates reported having at least one
disability (U.S. Department of Justice, 2015).
Hallmark feature: semantics. Children with a language disorder overall exhibit
broad difficulty with receptive vocabulary (Alt, Plante, & Creusere, 2004; Rice &
Hoffman, 2015). These children have particular difficulty learning new words (Ellis
Weismer & Hesketh, 1996, 1998; Rice, Buhr, & Oetting, 1992), especially verbs (Kan &
Windsor, 2010; Riches, Tomasello, & Conti-Ramsden, 2005), in part due to difficulties
with encoding and retrieving the phonological properties of words (Alt, 2011; German &
Newman, 2004). When learning new words, children with language impairments require
twice as many exposures to learn new words as peers (Rice, Buhr, & Nemeth, 1990;
Rice, Buhr, & Oetting, 1992; Rice, Oetting, Marquis, Bode, & Pae, 1994) with equal
levels of learning not always achieved (Nash & Donaldson, 2005; Thordardottir &
Weismer, 2001). When these children do learn a new word, they may not understand it to
the full extent; therefore, they will still have gaps in their lexicons. Additionally,
knowledge of words learned deteriorates over time as compared to peers with intact
language (Rice, Oetting, Marquis, Bode, & Pae, 1994). A longitudinal study in children
ages 2;6 to 21 years of age revealed that the vocabulary gap between children with
language impairments and their typically-developing peers did not close over time (Rice
& Hoffman, 2015).
Hallmark feature: syntax. Language impairments can be specific to one or a
combination of areas within the domain of form (i.e., syntax, morphology, phonology)
(van der Lely H. K., 2005). These children exhibit difficulty formulating wh- and yes/no
questions (van der Lely & Battell, 2003), using pronouns (Bishop D., 1994), establishing
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verb tense (Bishop D., 1994; Bishop D. V., 2014; Rice, Wexler, & Cleave, 1995), and
producing subject/verb agreement due to the omission of morphosyntax markers (Bishop
D., 1994; Rice, Wexler, & Cleave, 1995). Inflectional morphosyntactic markers (e.g. –s,
–ing) have weak stress when spoken, therefore often get lost in conversation (BaumanWaengler, 2012). Children struggle with syntax of complex sentences (e.g. embedding of
clauses, passive voice) thus creating greater challenges with sentence comprehension and
reading comprehension (Scott, 2009).
Hallmark features must be identified to properly assess, diagnose, and enroll
children in language intervention to develop early literacy skills (Rice, Hoffman, &
Wexler, 2009). School-based learning and education is centered around reading, which
heavily relies on word recognition and language comprehension. Consequently, language
impairments underlie difficulties in reading, therefore early identification and treatment
of language impairments can reduce difficulty with reading, and ultimately, enhance
academic success (Catts & Hogan, 2003). This is not only beneficial for the child, but is
also cost-efficient long-term as less services and supports will be needed for the child
throughout their education (Clarke, Snowling, Truelove, & Hulme, 2010) and fewer
social and judicial resources spent in post-secondary years.
Rural America and Appalachia
According to the 2010 Census, 19.3% of the Unites States’ population lives in a
rural area (U.S. Department of Commerce, 2012). Since language impairments affect
3.3% of the U.S. population, approximately 1,963,244 people in rural areas are at risk for
a language impairment. Although copious amounts of research exist describing the
correlation between early intervention of language impairments and impact on a child’s
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development, not all children, particularly those in rural areas, have access to speech and
language services. Nationwide, 54% of Speech-Language Pathologists (SLPs) in a school
setting and 32% in a health care setting (American Speech-Language-Hearing
Association, 2016) report more job opportunities than job seekers in their geographic
area. The U.S. Bureau of Labor Statistics (BLS) reports the field of speech-language
pathology will continue to see a 21% increase in job openings through the year 2024
(United States Department of Labor, 2016).
Rural areas are most likely to experience the impact of these vacant job
opportunities due to multiple factors, including geographic location, limited resources
from low socioeconomic areas, and large caseloads due to the lack of qualified SLPs
(United States Department of Labor, 2015). These factors contribute to the list of
undesirable work conditions that exist for school-based SLPs including low salaries,
difficult working conditions, excessive paperwork, and insufficient planning/meeting
time (American Speech-Language-Hearing Association, 2016). With more than half of
the nation’s schools located in rural areas (National Education Association, 1998),
children that attend these schools are at a greater risk for not receiving speech and
language services.
The Appalachian region. A rural area greatly impacted by vacant speechlanguage pathology positions is the Appalachian Mountain region. As defined by the
Appalachian Regional Commission, the Appalachian region follows the backbone of the
Appalachian Mountains from southern New York to northern Mississippi, including
portions of 12 states and all of West Virginia.
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Factors influencing Appalachia. Two of the largest factors which define the
Appalachian area include low socioeconomic status and the lack of higher education.
According to the Appalachian Regional Commission (ARC), 95 of 175 Appalachian
counties had a poverty rate below the national average between the years of 2010 – 2014.
Of these 95 counties, eighty percent were in the Central, South Central, and Southern
Appalachian region. The ARC also reports a lack of higher education in this region.
Seventy-eight percent of the working-age population in the Appalachian region had less
than a bachelor's degree- seven percentage points higher than the U.S. average. Eightyseven percent of working-age population in the Central Appalachian region had less than
a bachelor’s degree- 16 percentage points above the national average. (Appalachian
Regional Commission, 2016).
Language development in Appalachia. Living in the Appalachian region may
impact a child’s language development, as socioeconomic status and maternal level of
education are two influential factors on this development. Socioeconomic status has been
shown to impact print awareness (Chaney, 1994), vocabulary development (Hoff, 2003;
Hoff & Tian, 2005), social development (Molteno, et al., 1991; Terrisse, Roberts,
Palacio-Quintin, & MacDonald, 1998), and overall language development (Raviv,
Kessenich, & Morrison, 2004; Terrisse, Roberts, Palacio-Quintin, & MacDonald, 1998).
Families of higher socioeconomic status have greater access to resources (Raviv,
Kessenich, & Morrison, 2004) and more parental involvement (Terrisse, Roberts,
Palacio-Quintin, & MacDonald, 1998) in education. Both conditions result in improved
language skills in comparison to children from lower socioeconomic households.
Maternal education has been shown to influence social skills (Molteno, et al., 1991),
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literacy skills (Pan, Rowe, Singer, & Snow, 2005) and vocabulary (Basílio, Puccini, da
Silva, & Pedromônice, 2005).
Language impairments in Appalachia. Rural areas, such as the Appalachian
region, are predisposed to encounter language deficiencies due to high rates of poverty
and low maternal education. If a child has a pre-existing language impairment, these
factors may compound this impairment even further. Speech-Language Pathologists
cannot control for these factors, but they can control if these children receive services. To
meet the need for qualified Speech-Language Pathologists in rural areas, telepractice can
be utilized to bypass geographic barriers and less desirable working conditions as an
alternative means of service delivery.
Telepractice
According to the American-Speech-Language-Hearing Association (ASHA),
telepractice is “the application of telecommunications technology to the delivery of
speech language pathology and audiology professional services at a distance by linking
clinician to client/patient or clinician to clinician for assessment, intervention, and/or
consultation.” This delivery can be provided via a synchronous, asynchronous, or hybrid
format. Synchronous services are delivered in real time through interactive audio and
video software, much like a traditional therapy session. Asynchronous services involve
the sharing of stored files between the client and clinician, therefore this service delivery
is often referred to as “store and forward”. Hybrid services involve a combination of
synchronous, asynchronous, and/or in-person interactions (American Speech-LanguageHearing Association, n.d.). Depending on state legislation, a hybrid approach may be
required.
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Use, benefits, and challenges of telepractice. In recent years, telepractice has
become recognized by ASHA as an appropriate service delivery model for speechlanguage pathologists. Telepractice has proven to be an effective service delivery model
for the assessment and treatment of a wide range of speech and language disorders in
children and adults, including articulation disorders (Grogan-Johnson, Alvares, Rowan,
& Creaghead 2010; Grogan-Johnson et al., 2013; Waite, Cahill, Theodoros, Busuttin, &
Russell, 2006), fluency disorders (Carey, O'Brian, Onslow, Packman, & Menzies, 2012;
Lewis, Packman, Onslow, Simpson, & Jones, 2008; Sicotte, Lehoux, Fortier-Blanc, &
Leblanc, 2003), cognitive disorders (Brennan, Georgeadis, Baron, & Barker, 2004; Hill,
Theodoros, Rissell, Ward & Wootton, 2009, Woolf et al., 2016), and voice disorders
(Constantinescu et al., 2011; Halpern et al., 2012; Howell, Tripoliti, & Pring, 2009;
Mashima et al., 2003; Theodoros et al., 2006; Tindall, Huebner, Stemple, & Kleinert,
2008; Towey, 2012).
In the field of speech-language pathology, telepractice has been determined to be
feasible and effective for the treatment of underserved populations through medical
centers and hospitals, universities, schools, and nurseries (Mashima & Doarn, 2008).
Factors in the determination for patient candidacy, while individualized, include ability to
sit and attend, follow directions, and operate necessary technology and equipment as well
as vision, hearing, speech intelligibility, cognitive levels within normal limits, and
willingness to participate and comfort level with technology (Mashima & Doarn, 2008).
Although service delivery has been proven to be feasible and effective, there are also
challenges accompanied with telepractice including lack of reimbursement, shortage of
standards and guidelines, and legal/ethical issues of patient privacy. The following table
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is adapted from Mashima and Doarn’s 2008 article assessing the benefits and challenges
of telepractice services.

Table 1.1
Benefits and Challenges to Telepractice Service Delivery
-

Benefits
Deliver services to rural and
underprivileged areas
Deliver services to areas with shortage
of specialists
Decrease delay of services/follow-up
Increase efficiency and effectiveness
of SLP services
Deliver services to patients with
mobility issues with ease
Decrease travel time and cost for
home health and itinerant school
services
Increase patient care time
Increase available services for patients
Allow clinicians to cover larger
geographic area
Allow clinicians to provide follow-up
services
Increase carry-over and generalization
of skills learned in therapy to the
home setting
Incorporate family and caregivers in
care through education and training

-

Challenges
Funds for start up
Lack of infrastructure
Lack of admin, personnel and tech
support
Reimbursement
Standards and guidelines
Data on efficacy and costeffectiveness
Restrictions from multiple state
licenses
Ethical issues with patient privacy and
confidentiality
Legal issues with risk management

Laws and regulations. Currently, 20 states have laws, regulations, definitions, or
policies related to the use of telepractice for speech-language pathologists (American
Speech-Language-Hearing Association, n.d.). Five of the 20 states (Delaware, Kentucky,
Montana, Oklahoma, and Texas) require an in-person meeting prior to the
commencement of telepractice services. These potential barriers to service delivery
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further the case for the need for research to support the notion telepractice assessment and
treatment of language disorders are equivalent to those received in-person. As the body of
literature grows to support this service delivery model, lobbyists will have stronger
evidence to request legislation be changed.
Assessment
Examining hallmark deficits provide clinicians with crucial information to be able
to assess for language impairments properly (Rice, Hoffman, & Wexler, 2009).
Assessment should be seen as the gateway to services, as these children need to be
enrolled in language intervention and develop early literacy skills to prevent negative
impact throughout their education and later in life. Although children with language
impairments have not been shown to catch-up to typically developing peers, proper
assessment and diagnosis of a language disorder allows clinicians to plan and implement
treatment programs and observe the child’s progress throughout development. Accurate
assessment and treatment of these disorders is necessary to attempt to prevent adverse
long-term effects on education, employment, mental health, and overall quality of life
(Taylor, Armfield, Dodrill, & Smith, 2014).
Prior to receiving speech and language treatment, clients must receive a diagnosis.
For states that require in-person assessment, this presents a problem for those in rural
areas that do not have access to speech and language services. Although assessment can
be seen as the gateway to services, this gateway is closed to many in rural and
Appalachian areas as they are not able to be evaluated via telepractice due to legislation.
To change this policy, there will need to be an increase in literature that evidences online
assessment is equivocal to traditional in-person assessment.
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Existing literature. There is a growing body of literature equating traditional in-person
administration of assessments to online-led administration in children and adults across a
variety of speech and language domains including articulation disorders (Crutchley,
Dudley, & Campbell, 2010; Waite, Cahill, Theodoros, Busuttin, & Russell, 2006),
apraxia (Hill, Theodoros, Russell, and Ward, 2009), dysarthria (Hill et al., 2006; Hill,
Theodoros, Russell, and Ward, 2009), language disorders (Brennan, Georgeadis, Baron,
and Barker, 2004; Ciccia, Whitford, Krumm, & McNeal, 2011; Eriks-Brophy,
Quittenbaum, Anderson, & Nelson, 2008; Hill, Theodoros, Russell, Ward, and Wootton,
2009; Palsbo, 2007; Waite, Theodoros, Russell, & Cahill, 2010), and dysphagia
(Georges, Potter, & Belz, 2006; Malandraki, McCullough, He, McWeeny, & Perlman,
2011; Perlman & Witthawaskul, 2002; Ward et al., 2009; Ward, Sharma, Burns,
Theodoros, and Russell, 2011). Overall, there is a general consensus that online-led
administration of assessments is a suitable alternate to traditional in-person
administration.
Assessments in the existing literature have been conducted on participants from
toddler age through adults. Most studies were conducted through a synchronous delivery,
with others using a hybrid approach (Hill et al., 2006; Hill, Theodoros, Russell, and
Ward, 2009; Malandraki, McCullough, He, McWeeny, & Perlman, 2011; Ward, Sharma,
Burns, Theodoros, and Russell, 2011; Waite, Theodoros, Russell, & Cahill, 2010).
Technology used included personal and proprietary hardware, as well as commercial and
custom-built software. Connections included 128 Kbps and 384 Kbps IP wireless

13

networks, 3G phone network at 3.5 Mbps, and 10 Mbps Ethernet LAN. Studies included
a variety of secure and non-secure networks.
Language assessments administered via telepractice. While the number of
studies investigating online-led administration of assessments continues to grow, limited
literature exists on the study of pediatric diagnostic language testing administered via
telepractice. To date, three method comparison studies have been conducted comparing
norm-based diagnostic language testing administered in a tele-environment to in-person
administration. Norm-referenced tests included the CELF-4 (Eriks-Brophy, Quittenbaum,
Anderson, & Nelson, 2008; Waite, Theodoros, Russell, & Cahill, 2010), PPVT-3, PLS-4,
and EOWPVT (Eriks-Brophy, Quittenbaum, Anderson & Nelson, 2008) and the REEL-3,
SKOLD, and PLS-4 screening measures (Ciccia, Whitford, Krumm, & McNeal, 2011).
Participants included children under 12 years of age for all studies with a known or
suspected communication disorder.
Overall, findings of these studies report a high percentage of agreement between
conditions for inter- and intra-rater reliability. The only discrepancies noted were in the
CELF-4 by Eriks-Brophy and colleagues (2008) with the detection of plurals. These
discrepancies were not noted in the article by Waite and colleagues (2010), where intraand inter-rater reliability for all tasks were described as good to very good. The
discrepancy concerning the detection of plurals was noted to have possibly been a
consequence of reduced audio and video quality, particularly associated with requests to
repeat information. Due to stringent rules concerning repetition for certain norm-based
assessments, authors explained this may have affected the child’s score.
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Although these studies present some insight as to how language impairments can
be tested via telepractice, they each present limitations for generalization and
implementation by a practicing clinician. Eriks-Brophy and colleagues administered the
PPVT-3, PLS-4, EOWPVT, and CELF-4 via telehealth to 7 children ages 4-12 with a
suspected communication disorder. While intra- and inter-rater reliability were high, the
sample size was small, the authors did not describe the technology used, and
administration of the tests occurred in only one condition. Although all assessments were
simultaneously scored, they were only administered in the online condition, therefore
rater agreement only compares what was heard in-person to online for that condition
only. Traditional face-to-face test administration was not conducted.
Waite and colleagues administered the CELF-4 via telehealth and face-to-face to
25 children ages 5-9 with a known or suspected communication disorder. Limitations for
generalization of this study included the use of a custom-built telehealth system, as well
as novel test stimuli. As a digital stimulus book for the CELF-4 was not commercially
available, Waite and colleagues reproduced stimulus items by scanning images and
recording sentences for the Recalling Sentences subtest. For the Concepts and Following
Directions subtest, a touch-screen monitor was used which stored input as text file
coordinates which were stored and forwarded to the online clinician’s computer.
Although this method was efficient for this particular study, it is not feasible for general
use and implementation.
Need for current study. Language impairments have proven to persist from
childhood throughout adulthood, which in turn may negatively impact academic success,
socio-emotional development and behavioral compliance. In making an accurate
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diagnosis of language impairment it is imperative that hallmark characteristics be
properly assessed. Deficits in the areas of semantics and syntax have been noted as
defining characteristic of a language impairment. Yet, little investigation has been
conducted into the feasibility of properly assessing semantics within a tele-environment
and no literature exists as to the assessment of syntax, aside from one subtest associated
with a global language measure. The aim of this study was to assess the inter-rater
reliability of three norm-reference language tests- the Peabody Picture Vocabulary TestFourth Edition [(PPVT-4) Dunn & Dunn 2007], Expressive Vocabulary Test- Second
Edition [(EVT-2) Williams, 2007], and Structured Photographic Expressive Language
Test- Third Edition [(SPELT-3) Dawson, Stout & Ever, 2003]. These tests were
administered to children with language impairments via telepractice as compared to inperson administration. It was hypothesized that there would be high levels of inter-rater
agreement in both administration conditions based on existing literature. As telepractice
increasingly becomes a standard service delivery mode, more research is needed to
support the reliability of tests conducted in this environment. In so doing, policy may be
changed accordingly and children in rural America can have access to the services they
deserve.
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Chapter Two: Methods
Participants
A total of 16 children between 4- and 12- years of age were recruited from the
University of Kentucky Division of Communication Sciences and Disorders’ (CSD)
Academic Clinic and Out-patient Enterprise Clinic as well as Mary Queen of the Holy
Rosary School, a private catholic school in Lexington, KY. See Table 2.1 for
demographic information. Participating children a) had a diagnosis of language impaired
as made by a speech-language pathologist, b) had vision (with or without correction) and
hearing within normal limits as reported by the child’s speech-language pathologist, c)
were native English speakers, and d) had articulation within normal limits as reported by
his or her speech-language pathologist. All children were receiving speech-language
services at the time of the study. Participants were excluded from the study if they
presented with neurological, cognitive, or motor impairment or had incurred a traumatic
brain injury as documented by the guardian of the child. Children did not operate any
equipment, therefore no experience with technology was required. According to UK IRB,
consent was obtained in writing from a parent or guardian and verbal assent from the
child before participation commenced (See Appendix A for Consent form and Assent
form).
Table 2.1
Demographics of Participants Compared by Administration Condition

Factor
Gender
n
Male
Female

Administration Condition
TeleIn-Person

Total Sample
16
12
4

8
7
1
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8
5
3

(continued)
Table 2.1 (continued)
Factor
Age
n
4-6
7-9
10-12

Administration Condition
TeleIn-Person

Total Sample
16
5
6
5

8
3
3
2

8
2
3
3

Research Personnel
One certified speech-language pathologist (i.e. faculty mentor), one second-year
graduate student majoring in speech-language pathology [i.e. primary investigator (PI)],
and one undergraduate student majoring in speech-language pathology [i.e. research
assistant (RA)] maintained responsibility for all research related activities. The PI and
RA were responsible for administering and scoring the three norm-referenced tests
administered as part of the study.
All research activities occurred in the UK TeleCare Suite at the University of
Kentucky. UK TeleCare personnel were responsible for assisting with scheduling the
suites, setup of technology, establishing the video-call between the two rooms in the UK
TeleCare Suite, terminating the call, and formatting/saving recordings. At least one UK
TeleCare personnel was available at each session to assist the PI and RA with the
technology.
Setting
Two separate rooms within the UK TeleCare Suite were used. Each room was
equipped with tables, chairs, a desk, a computer, and a dedicated videoconferencing
system. Each room was designed to maximize audio and visual transmission.
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Study Design
A randomized group design to one of two conditions, tele-administration or inperson administration was employed to determine if differences existed in inter-rater
reliability among three norm-referenced language tests. To control for rater-bias,
administration was randomized between the PI and RA. Fifty percent of the tele-led
administrations were conducted by the PI and the remaining 50% by the RA. For clarity,
the person who administered the tests, regardless of condition, will henceforth be referred
to as the examiner. The person scoring the child’s responses via the opposite condition is
hence forth referred to as the rater. Two raters were required for each session to assess
inter-rater reliability. On two instances the faculty mentor was present as a second rater
as scheduling conflicts prevented the RA from participating.
To control for effects of test order on each rater’s individual scoring of child
responses, the three language tests were administered according to predetermined
randomized order (Appendix B). All testing occurred in one session and lasted
approximately one hour. Both raters simultaneously scored the three tests thereby
preventing the need for testing each child on two separate occasions.
Measurement Tasks
Receptive vocabulary test. Each child’s receptive single-word lexicon was
assessed using the Peabody Picture Vocabulary Test- Fourth Edition [(PPVT-4) Dunn &
Dunn 2007]. This test is used to derive a measure of receptive vocabulary in children 2
years 6 months to adults over 90 years of age. To administer the test, the child is asked to
select a named item from an array of four. An example of an eliciting statement is “Put
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your finger on ______”. The PPVT-4 takes approximately 10-15 minutes to administer
and has a ceiling and basal rule.
Expressive vocabulary test. Each child’s expressive single-word lexicon was
assessed using the Expressive Vocabulary Test- Second Edition [(EVT-2) Williams,
2007]. This test is used to derive a measure of expressive vocabulary in children 2 years 6
months to adults over 90 years of age. To administer the test, the child is shown a single
picture and asked to name what is presented. The EVT-2 takes approximately 10-20
minutes to administer and adheres to a ceiling and basal rule.
Morphosyntax test. Each child was assessed using the Structured Photographic
Expressive Language Test- Third Edition [(SPELT-3) Dawson, Stout & Ever, 2003]. This
test is used to derive a measure of grammatical morpheme development in children ages
4 years 0 months through 9 years 11 months. Fifty-four photographs representative of
daily life are presented to the child and an eliciting statement is read to evoke a response.
An example of an eliciting statement is “Tell me about this picture”. The SPELT-3 does
not adhere to ceiling and basal rules thus all 54 items are administered. SPELT-3 takes
approximately 15-20 minutes to administer. Because the purpose of the study was to
compare inter-rater reliability between two conditions and not to diagnose a language
impairment, the SPELT-3 was administered to all participants, regardless of age.
The published stimulus books for the PPVT-4, EVT-2, and the SPELT-3 were
used in the in-person led condition. For the tele-administration, all tests were
administered in a digital format. Published digital stimulus books for the PPVT-4 and
EVT-2 were purchased from a commercial vendor. The SPELT-3 is not available in a
digital format, thus permission was obtained to reproduce the stimulus items in a
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digitized format from Janelle Publications (Appendix C). Images in the SPELT-3
stimulus book were scanned using a Canon imageRUNNER ADVANCE 4051 copier.
Each scanned image was saved as a .jpeg file and cropped to maintain the portion of the
image to that of the hard copy stimuli. Saved images were embedded in a Microsoft
PowerPoint document with a black background which provided a high contrast between
the image and background for image clarity (Gordon & Shapely, 2006). PowerPoint
slides were ordered according to the number in the SPELT stimulus book.
Telecommunications Technology
All telepractice activities occurred using the Polycom HDX7000 video system.
Specific hardware was allocated to each telesuite (Table 2.2), and positioning of
hardware was consistent for each trial. Polycom videoconferencing hardware and
software is H.323 Medicaid compliant. Administration of all three tests tasks occurred
using a 2Mb/sec bridged call through a Cisco 4500 videoconference bridge. A bridged
call connects one person to another directly, similar to a telephone call. The bridged calls
ran through the UK Data Network 100Mb Ethernet connection wired into the University
of Kentucky facilities, therefore never going outside of the University providing the most
secure option. All testing sessions were recorded using a Codian model 2220 IPVCR
recording device which connected to the video call via the bridge. The entirety of each
session was recorded in a proprietary file (.cdn) then converted into a .mpeg4 file and
stored on an external hard drive for completion of scoring by faculty mentor for fidelity
review.
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Table 2.2
Polycom HDX7000 Video System Telepractice Technology
Technology
Computer Monitors
Conference Monitors
Front Facing Camera
Auxiliary Rear View
Camera

Room A (Online Room)
Dual 19” Optiplex Dell PC
Monitors
Polycom HDX 7000 Media
Cart
Eagle Eye Pan/Tilt/Zoom
Remote-Controlled Camera

Room B (Child’s Room)
24” Optiplex Dell PC
Monitor

None

Sony EVID30

Sharpe 36” Monitor
Eagle Eye Pan/Tilt/Zoom
Remote-Controlled Camera

Testing Conditions
Tele-led administration. During tele-led administration, the examiner was in
Room A and the in-person rater was in Room B with the child. All tests were
administered using the previously described digital stimuli. The University of Kentucky
has an Enterprise License for TeamViewer (version 11.0.65452), which was used to
connect the computers of Room A and Room B. TeamViewer allowed the examiner to
control the presentation of the digital stimuli from the desktop computer in Room A
while allowing the child to see the stimuli on the computer in Room B. During the
receptive language test (PPVT-4), the auxiliary rear view camera was used to allow the
tele-examiner to view the child’s selections (Figure 2.1a). During expressive language
tests (EVT-2 and SPELT-3), the front-facing camera was used to allow the tele- examiner
to view the child’s face (Figure 2.1b). Regardless of test, the child viewed the test stimuli
on the computer monitor while simultaneously viewing the tele-examiner on the
conference monitor (Figure 2.1c and d). Because the desktop monitor in Room B was
located slightly out of reach of most participants, a pointer with a pink Post-It note taped
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to the end for contrast was used (Figure 2.1d). Both cameras were controlled by the teleexaminer via presets programmed to a
Figure 2.1. Photographic Representations of the Tele-led Administration Condition

Figure 2.1. Photographic representation of tele-administration from (a). examiner’s view
during receptive task, (b). examiner’s view during expressive tasks, (c). child’s view
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during all test administrations, and (d). child’s use of high-contrast pointer during
receptive task.
digital Polycom remote. Throughout all tele-administrations, the child was able to
view the tele-examiner via a front-facing camera on a wall-mounted monitor in Room B.
In-person led administration. During in-person led administration, all tests were
conducted in Room B using traditional stimulus books. The in-person examiner
conducted all tests while the tele-rater observed and recorded the child’s responses from
Room A. During expressive language tests (EVT-2 and SPELT-3), the front-facing
camera was used to allow the tele-rater to view the child’s face. During the receptive
language test (PPVT-4), the auxiliary rear view camera was used to allow the tele-rater to
view the child’s selections While the tele-rater could see the child, all monitors in Room
B and microphones in Room A were turned off to prevent the child from seeing or
hearing the tele-rater and thereby representing a traditional in-person testing format.
Procedure
Upon arrival, the child and their guardian(s) were greeted in the UK
Communication Sciences and Disorders Clinic lobby by the PI who answered any
questions and escorted them to the telesuites. The PI took the guardian(s) to Room A to
complete any remaining documentation while the RA took the child to Room B. Here the
RA read the script for verbal assent to the child to collect the child’s first voluntary
response to participation. Before beginning the study, the examiner asked the child a
second time if they would like to participate to collect the child’s secondary voluntary
response to participation.
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Tele-led administration procedure. The PI or RA assigned as the tele-examiner
administered all three tests remotely using the bridged call. The in-person rater sat with
the child in front of a computer and interacted with the child for behavioral and technical
issues only. The tele-examiner established the videoconference, displayed stimuli and
recorded the child’s responses via the videoconferencing system while the in-person rater
only recorded the child’s responses. This protocol imitated a telepractice evaluation in
which the SLP maintains responsibility for the administration of a test to a child located
at a remote site, while the adult supervising the child serves to operate the technology and
manage child behaviors.
In-person led administration procedure. The in-person administration of the
three tests was included as a baseline for traditional testing. This protocol was conducted
in the same manner as a standard clinical test. The child was located facing the in-person
examiner with all computer monitors turned off. The in-person examiner directed the
session and administered the three tests using the standard stimulus books. The tele-rater
observed the session via the Polycom system with the computer monitor turned off and
recorded the child’s responses only. All monitors were turned off to ensure she was not a
distraction to the child and to represent a standard clinical test.
Scoring
The entirety of each test was administered to each child. The examiner and rater
recorded the child’s responses simultaneously during each test. After the session, the
examiner and rater independently calculated raw scores and standards scores for each of
the three tests according to the test protocols. Raw scores were compared and if
discrepancies existed, an item-by-item comparison was conducted.
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PPVT-4. To score this test, items were marked as correct if the child points to the
correct picture or verbalized the correct item number. Any other response was counted as
incorrect. After items were marked as correct or incorrect, the sum of correct items was
recorded as a raw score. After a raw score was obtained, raters referred to the PPVT-4
Examiner’s Manual to convert the raw score into a standard score and to obtain a
confidence interval.
EVT-2. To score this test, items were marked as correct if the child responded
verbatim with one of the correct responses per the record form. Any other response was
counted as incorrect. Prompts were used in response to vague answers as allowed. After
items were marked as correct or incorrect, the sum of correct items was recorded as a raw
score then converted to a standard score and confidence interval using the EVT-2
Examiner’s Manual.
SPELT-3. During administration of this test, the child’s responses were recorded
verbatim. To score this test, each utterance must be marked correct or incorrect based on
the target structure for that item. The child is not penalized for articulation or
phonological errors. As the SPELT-3 is used to assess the child’s use of language aspects,
target responses were not required to match example target responses on the record form.
If the child responded with an utterance that questionably resembled the target response,
the rater referred to the examiner’s manual for required elements. A response was marked
as incorrect if the target structure was omitted either in part or in whole, if a child
responded with “I don’t know”, did not provide a response, or if the child provided a
grammatically correct sentence without the target structure. After items were marked as
correct or incorrect, the sum of correct items was recorded as a raw score. Raw scores
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were converted to standard scores and confidence intervals according to the
corresponding tables in the examiner’s manual. For participants over the age of 9 years
11 months, a raw score was calculated. For participants over the age 9; 11, standard
scores were calculated using the conversion table for age 9;6.
Fidelity
Prior to commencement, the faculty mentor trained the PI and RA in the
administration and scoring of the three language tests used in the study. The Director of
UK TeleCare trained the faculty mentor, PI, and RA in the setup and operation of all
video-conferencing technology used in the study. Although the Director or other
TeleCare personnel were available throughout the study, the faulty mentor, PI and RA
were also trained in troubleshooting techniques commonly used during teleconferencing.
Throughout all trainings, a research protocol manual was maintained (Appendix D) as a
reference during tests as needed. Following data collection completion, the faculty
mentor reviewed 25% of the video footage collected to ensure correct administration
procedures were used throughout the study. No discrepancies were noted concerning
administration of standardized tests.
Reliability
The research protocol (Appendix D) was used as a reference for eliciting
statements and prompts for all tests. These prompts were obtained from the examiner’s
manual from each test and transcribed in the research protocol. Throughout trials, if any
discrepancies arose, a meeting was held between the PI, RA, and faculty mentor and the
research protocol was amended to prevent these discrepancies from arising in future
trials. For example, one discrepancy that arose on the SPELT-3 when participants
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produced excessively long productions characterized by revisions, restarts and tangents,
therefore protocol was amended and the remainder of sessions were completed with the
amended protocol.
Scoring of all tests was conducted using the protocol stated in each examiner’s
manual. For the PPVT-4 and EVT-2, items were marked as correct if the participant
responded with the target answer. All other responses were marked as incorrect. For the
SPELT-3, each utterance was marked correct or incorrect based on the target structure for
that item. As the target structure may vary, this created discrepancies while scoring. The
examiner’s manual provides examples of various responses that demonstrate the target
structure. If the participant’s response was not provided in the examiner’s manual, raters
discussed and agreed upon if the target structure was elicited and recorded this in the
examiner’s manual for future reference. A final copy of the scoring guide from the
examiner’s manual is located in Appendix E.
The faculty mentor independently reviewed and scored 25% of all recordings to
ensure correct scoring procedures were used throughout the study.
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Chapter Three: Results
Demographics
Sixteen child participants between the ages of 4 and 12 participated. Ages
were converted to months and an independent samples t-test performed. In the inperson led administration group, ages ranged from 5-12 years of age (62-155 months);
the mean was 104.38 months (8 years). In the tele-led administration group, ages
ranged from 4-11 years of age (50-132 months); the mean was 94.63 months (7 years).
As shown in Table 3.1, an independent samples t-test indicated no significant
difference in age between groups (p = 0.555).
Table 3.1
Independent Samples t-test for Age
Group
In-person led administration
Tele-led administration
* p ≤ 0.05.

Mean Age (Months)
104.38
94.63

Standard Deviation
33.29
31.15

p-value*
.555

Groups. The in-person led and tele-led administration groups each consisted of 8
participants, further recruitment for the study could not be completed due to semester
time constraints. All children completed each test with the exception of one 4-year-old
male in the tele-led group, who was unable to complete the SPELT-3 due to test fatigue.
Completion rates of each test can be found in Table 3.2.
Table 3.2
Test Completion
Test
PPVT-4
EVT-2
SPELT-3

No. of Participants
n = 16
n = 16
n = 16
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No. Completed Test
n = 16
n = 16
n = 15

Statistical Analysis
General scoring procedures. Each assessment was scored according to test
protocol. Scores for each assessment were reported in raw score and standard score.
Raters’ scores per child were compared on each type of score reported. When raters’
scores were in perfect agreement, the child was assigned a score of 1. If a disagreement
existed, a 0 was assigned. This binary system for reflecting inter-rater agreement was the
scoring unit used for conducting statistical analyses.
Rating comparison. Prior to statistical analyses, normality of distribution for
rater-agreement on the raw score and the standard score was calculated using the
Kolmogorov-Smirnov test of normality. For each null hypothesis tested (distribution of
measure would be normal), asymptotic significance was 0.200, therefore the null
hypothesis was able to be retained. As the scores were normally distributed, parametric
statistics were performed. Results of the Kolmogorov-Smirnov test of normality can be
seen in Table 3.3.
Table 3.3
Kolmogorov-Smirnov Test of Normality
Null Hypothesis
The distribution of PPVT-4
raw rater scores is normal
The distribution of PPVT-4
standard rater scores is normal
The distribution of EVT-2 raw
rater scores is normal
The distribution of EVT-2
standard rater scores is normal

Test
One-Sample
Kolmogorov-Smirnov
Test
One-Sample
Kolmogorov-Smirnov
Test
One-Sample
Kolmogorov-Smirnov
Test
One-Sample
Kolmogorov-Smirnov
Test
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Significance

Decision

.200a,b

Retain the null
hypothesis

.200a,b

Retain the null
hypothesis

.200a,b

Retain the null
hypothesis

.200a,b

Retain the null
hypothesis

(continued)
Table 3.3 (continued)
Null Hypothesis

Test
Significance
Decision
One-Sample
The distribution of SPELT-3
Retain the null
Kolmogorov-Smirnov
.200a,b
raw rater scores is normal
hypothesis
Test
One-Sample
The distribution of SPELT-3
Retain the null
Kolmogorov-Smirnov
.200a,b
standard rater scores is normal
hypothesis
Test
Notes. Asymptotic significances are displayed. The significance level is .05.
a
Lilliefors Corrected.
b
This is a lower bound of the true significance.
To determine if the administration condition (tele-led, in-person led) had an
impact on the rating of the tests, a statistical test of difference was performed. This
statistic, an independent t-test, was calculated using rater agreement or disagreement is
the unit of measurement on the raw scores and the standard scores. If no difference was
found, it was assumed that the condition, tele- or in-person did not negatively effective
inter-rater reliability The alpha level was set at .05. Results are presented by test.
PPVT-4. The PPVT-4 assessed participants’ receptive vocabulary at the singleword level. Individual rater raw scores and standard scores along with assigned inter-rater
agreement are presented in Tables 3.4 and 3.5, respectively. Percentage agreement
between the two raters for raw and standard scores of the PPVT-4 was 81.25%. Results
from an independent samples t-test may be found in Table 3.10. No significant
differences existed in the individual raters’ raw scores, t(14)=.607, p=.554, and standard
scores, t(14)=.607, p=.554, regardless of condition. The discrepancies noted during this
test were between pictures displayed on the same horizontal plane. This could be
attributed to the location of the camera being at a slight angle over the child’s shoulder.
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Table 3.4
PPVT-4 Individual Rater Raw Scores and Inter-rater Agreement by Condition
Testing Condition

Child

Rater 1

Rater 2

Inter-rater
Agreement

1
2
4
8
11
12
14
15

89
152
130
78
154
56
117
139

89
152
130
76
154
56
117
139

1
1
1
0
1
1
1
1

3
5
6
7
9
10
13
16

147
106
112
82
131
163
122
116

147
105
112
82
131
163
121
116

1
0
1
1
1
1
0
1

Tele-led

In-person led

Table 3.5
PPVT-4 Individual Rater Standard Scores and Inter-rater Agreement by Condition
Testing Condition

Child

Rater 1

Rater 2

Inter-rater
Agreement

1
2
4
8
11
12
14
15

89
96
93
90
92
90
93
111

89
96
93
89
92
90
93
111

1
1
1
0
1
1
1
1

Tele-led

(continued)
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Table 3.5 (continued)
Testing Condition

Child

Rater 1

Rater 2

Inter-rater
Agreement

3
5
6
7
9
10
13
16

83
115
83
93
84
99
104
93

83
114
83
93
84
99
103
93

1
0
1
1
1
1
0
1

In-person led

EVT-2. The EVT-2 assessed participants’ expressive vocabulary at the singleword level. Individual rater raw scores and standard scores along with assigned inter-rater
agreement are presented in Tables 3.6 and 3.7, respectively. Percentage agreement
between raters on the EVT-2 was 75% for raw scores and 87.5% for standard scores. No
significant differences existed in the individual raters’ raw scores, t(14)=1.128, p=.278,
and standard scores, t(14)=.000, p=1.000, regardless of condition as presented in Table
3.10. Discrepancies for this test included the deletion of unstressed syllables or phonemes
(e.g. because – cause) and discrepancies between place, but not manner of phonemes (e.g.
[t] was mistaken for [p]).
Table 3.6
EVT-2 Individual Rater Raw Scores and Inter-rater Agreement by Condition
Testing Condition

Child

Rater 1

Rater 2

Inter-rater
Agreement

1
2
4
8
11

63
127
93
51
97

63
127
93
52
97

1
1
1
0
1

Tele-led
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12

39

39

1

Child

Rater 1

Rater 2

Inter-rater
Agreement

14
15

84
108

84
108

1
1

3
5
6
7
9
10
13
16

112
64
88
59
102
118
67
77

111
64
89
60
102
118
67
77

0
1
0
0
1
1
1
1

(continued)
Table 3.6 (continued)
Testing Condition
Tele-led
In-person led

Table 3.7
EVT-2 Individual Rater Standard Scores and Inter-rater Agreement by Condition
Testing Condition

Child

Rater 1

Rater 2

Inter-rater
Agreement

1
2
4
8
11
12
14
15

88
106
90
84
78
88
90
110

88
106
90
85
78
88
90
110

1
1
1
0
1
1
1
1

3
5
6
7
9
10
13
16

86
99
86
91
88
94
83
86

86
99
86
92
88
94
83
86

1
1
1
0
1
1
1
1

Tele-led

In-person led
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SPELT-3. The SPELT-3 assessed participants’ expressive morphosyntax skills.
Individual rater raw scores are presented in Table 3.8. Percentage agreement between
raters for raw scores was 40%. There was a significant difference between the raters’ raw
scores for tele-led (M=.714, SD=.488) and in-person (M=.125, SD=.354) conditions;
t(13)=.153, p=.018. Greater rater agreement was noted in the tele-led condition than the
in-person led condition. Per the technical manual, the inter-judge reliability was reported
to be within one point for 90% of the sample, therefore ratings within one point were
recoded as “agreed” (see Table 3.8) and an independent t-test conducted. No significant
difference was found between the raters’ scores in the tele-led condition (M=.875,
SD=.378) and the in-person led condition (M=.625, SD=.518; t(13)=.978, p=.336) on the
adjusted raw score comparison as shown in Table 3.10. Percentage agreement between
raters for the adjusted score was 73%.
The SPELT-3 is norm-referenced for children ages 4 years 0 months through 9
years 11 months (Dawson, Stout & Ever, 2003), therefore true standard scores were
unable to be calculated for all participants as five participants were 10 years of age and
older (Two participants in the tele-led administration condition and three in the in-person
led administration condition). To provide data to complete statistical analysis, the raw
scores for the five participants over the age of 10 years were converted to standard scores
according to the norm-referenced standard scores for children ages 9 years 11 months as
presented in Table 4.9. No significant differences in the raters’ standards scores for the
tele-led (M=.571, SD=.535) and the in-person led (M=.125, SD=.354) conditions was
found; t(13)=1.933, p=.075. Percentage agreement between raters for standard score was
20%.
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Discrepancies noted for this test included the deletion of unstressed syllables or
phonemes (e.g. because – cause) and deletion of high frequency phonemes (e.g. [s] in
cookies). The phoneme [s] is important as it is a marker for plurals, possessives, and
present tense. Some discrepancies in this test can also be attributed to assimilation (e.g.
jumped down vs. jump down). This is significant as this resulted in the deletion of
morphosyntactic markers, thus changing the tense or meaning of words. The final
discrepancy for this test was as this test allowed for open-ended responses, raters
recorded different parts of the child’s utterance at times, including self corrections and
run-on answers. The protocol was amended for this reason for raters to record the child’s
direct answer to the question only, or their last utterance.
Table 3.8
SPELT-3 Individual Rater Raw Scores and Inter-rater Agreement by Condition
Testing
Condition
Tele-led

Child

Rater 1

Rater 2

Inter-rater
Agreement

Inter-rater
Agreementa

1
2
4
8
11
12
14
15

24
46
42
18
40
N/A
32
41

25
46
41
20
40
N/A
32
41

0
1
0
0
1
N/A
1
1

1
1
1
0
1
N/A
1
1

3
5
6
7
9
10

49
24
36
25
38
49

50
26
35
26
40
49

0
0
0
0
0
1

1
0
1
1
0
1

In-person
led

(continued)
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Table 3.8 (continued)
Testing
Inter-rater
Inter-rater
Child
Rater 1
Rater 2
Condition
Agreement
Agreementa
In-person
led
13
34
32
0
0
16
42
41
0
1
a
Calculated agreement within one point per SPELT-3 technical manual inter-judge
reliability.
Table 3.9
SPELT-3 Individual Rater Standard Scores and Inter-rater Agreement by Condition
Testing Condition

Child

Rater 1

Rater 2

Inter-rater
Agreement

1
2
4
8
11
12
14
15

67
100a
90
73
84a
N/A
72
88

69
100a
88
76
84a
N/A
72
88

0
1
0
0
1
N/A
1
1

Tele-led

In-person led

3
107a
110a
0
5
87
90
0
6
74
71
0
7
84
86
0
9
79a
84a
0
a
a
10
107
107
1
13
77
72
0
16
96
94
0
a
Scores derived from age 9 years 11 months scoring protocol in technical manual.
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Table 3.10
Comparison of Ratings by Administration Condition

Test

Administration Condition
TeleIn-person
M(SD)
M(SD)

Results

PPVT-4
Raw Score
.875(.354)
.75(.463)
t(14)=.607, p=.554
Standard Score
.875(.354)
.75(.463)
t(14)=.607, p=.554
Eligibility
1(.000)
1(.000)
No difference
EVT-2
Raw Score
.875(.354)
.625(.518)
t(14)=1.128, p=.278
Standard Score
.875(.354)
.875(.354)
t(14)=.000, p=1.000
Eligibility
1(.000)
1(.000)
No difference
SPELT-3
Raw Score
.7143(.488)
.125(.354)
t(13)=.153, p=.018
a
Raw Score
.8751(.378)
.625(.518)
t(13)=.978, p=.336
Standard Score
.5714(.535)
.125(.354)
t(13)=1.933, p=.075
Eligibility
1(.000)
1(.000)
No difference
a
Calculated agreement within one point per SPELT-3 technical manual inter-judge
reliability.
Eligibility. State Departments of Education publish guidelines articulating
minimum norm-referenced test scores required in order to be deemed eligible to receive
school district provided language services. According to the Kentucky Eligibility
Guidelines- Revised for students with speech or language impairment [(KEG-R)
Kentucky Department of Education, 2009], a student must perform at or below the 9th
percentile to be considered disabled. This cut-score was used in this study to determine if
discrepancies between raters would affect eligibility for speech and language services in
Kentucky Public Schools. Percentile ranks per participant were calculated to establish if
eligibility for speech and language services in Kentucky Public Schools was met. As can
be seen in Tables 3.11, 3.12 and 3.13, perfect agreement existed between eligibility
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determinations regardless of condition. Percentile was not determined for five
participants on the SPELT-3 as they were over 10 years of age and had no standardized
measures due to test restrictions.
Table 3.11
PPVT-4 Individual Rater KY Schools Eligibility and Inter-rater Agreement by Condition
Testing Condition

Child

Rater 1
Percentile Eligible

Rater 2
Percentile Eligible

Inter-rater
Agreement

Tele-led
1
2
4
8
11
12
14
15

23
39
32
25
30
25
32
77

No
No
No
No
No
No
No
No

23
39
32
23
30
25
32
77

No
No
No
No
No
No
No
No

1
1
1
1
1
1
1
1

In-person led
3
13
No
13
No
1
5
84
No
82
No
1
6
13
No
13
No
1
7
32
No
32
No
1
9
14
No
14
No
1
10
47
No
47
No
1
13
61
No
58
No
1
16
No
No
1
Notes. Rater scores for eligibility were reported to determine if the participant was eligible
for speech and language services in Kentucky public schools. Cut score for eligibility is
the 9th percentile or lower.
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Table 3.12
EVT-2 Individual Rater KY Schools Eligibility and Inter-rater Agreement by Condition
Testing
Condition

Child

Rater 1
Percentile
Eligible

Rater 2
Percentile
Eligible

Inter-rater
Agreement

Tele-led
1
2
4
8
11
12
14
15

21
66
25
14
7
21
25
75

No
No
No
No
Yes
No
No
No

21
66
25
16
7
21
25
75

No
No
No
No
Yes
No
No
No

1
1
1
1
1
1
1
1

In-person
3
18
No
18
No
1
5
47
No
47
No
1
6
18
No
18
No
1
7
27
No
30
No
1
9
21
No
21
No
1
10
34
No
34
No
1
13
13
No
13
No
1
16
18
No
18
No
1
Notes. Rater scores for eligibility were reported to determine if the participant was
eligible for speech and language services in Kentucky public schools. Cut score for
eligibility is the 9th percentile or lower.
Table 3.13
SPElT-3 Individual Rater KY Schools Eligibility and Inter-rater Agreement by Condition
Testing
Condition

Child

Rater 1
Percentile
Eligible

Rater 2
Percentile
Eligible

Inter-rater
Agreement

Tele-led
1
2
4
8
11
12
14
15

4
N/Aa
23
4
N/Aa
N/Ab
5
19

Yes
N/Aa
No
Yes
N/Aa
N/Ab
Yes
No

(continued)
40

6
N/Aa
19
8
N/Aa
N/Ab
5
19

Yes
N/Aa
No
Yes
N/Aa
N/Ab
Yes
No

1
N/Aa
1
1
N/Aa
N/Ab
1
1

Table 3.13 (continued)
Testing
Child
Rater 1
Rater 2
Inter-rater
Condition
Agreement
In-person led
3
N/Aa
N/Aa
N/Aa
N/Aa
N/Aa
5
25
No
29
No
1
6
6
Yes
4
Yes
1
7
16
No
18
No
1
9
N/Aa
N/Aa
N/Aa
N/Aa
N/Aa
10
N/Aa
N/Aa
N/Aa
N/Aa
N/Aa
13
9
Yes
5
Yes
1
16
34
No
29
No
1
Notes. Rater scores for eligibility were reported to determine if the participant was
eligible for speech and language services in Kentucky public schools. Cut score for
eligibility is the 9th percentile or lower.
a
Unable to be calculated due to age
b
Child did not complete test due to test fatigue
Inter-rater reliability. As a follow-up to the independent samples t-tests, interrater reliability was calculated using intraclass correlation coefficients (Shrout & Fleiss,
1979) on the raw scores and scaled scores for each test. The criteria for this statistic was
set at ICC <.4 = poor agreement, .4–.6 = moderate, .6–.8 = good, and >.8 = very good
agreement (Fleiss, 1981). According to the criteria for ICC, the inter-rater reliability was
very good for all tests (raw scores, ICC = .992–1.000; scaled scores = .978-.999). Values
for ICC ratings for each test are defined in Table 3.14.
Table 3.14
Intraclass Correlation Coefficient for Test Raw and Standard Scores

Test
PPVT-4 Raw Scores
Single Measures
Average Measures
(continued)

Intraclass
Correlationb

95% Confidence
Interval
Lower
Upper
Bound
Bound

Rating
Very Good

a

1.000
1.000

.999
1.000
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1.000
1.000

Table 3.14 (continued)
Intraclass
Correlationb

Test

95% Confidence
Interval
Lower
Upper
Bound
Bound

Rating

PPVT-4 Standard Scores
Very Good
a
Single Measures
.999
.997
1.000
Average Measures
1.000
.999
1.000
EVT-2 Raw Scores
Very Good
Single Measures
1.000a
.999
1.000
Average Measures
1.000
1.000
1.000
EVT-2 Standard Scores
Very Good
a
Single Measures
.999
.998
1.000
Average Measures
1.000
.999
1.000
SPELT-3 Raw Scores
Very Good
a
Single Measures
.992
.975
.997
Average Measures
.996
.987
.999
SPELT-3 Standard Scores
Very Good
Single Measures
.978a
.936
.993
Average Measures
.989
.967
.996
Note. Two-way random effects model where both people effects and measure effects are
random.
a
The Estimator is the same, whether the interaction effect is present or not.
b
Type C intraclass correlation coefficients using a consistency definition. The betweenmeasure variance is excluded from the denominator variance.
Summary of Analysis.
Statistical difference between administration conditions and inter-rater reliability
on raw and standard scores was calculated for each test administered. Overall, no
statistically significant differences were noted between raters’ scores regardless of
administration condition on the PPVT-4 and EVT-2. Observed significant differences on
the SPELT-3 raw scores were ameliorated after inter-rater agreement was adjusted to
account for the test’s reported 90% agreement within a one-point difference. ICC
indicated inter-rater reliability for each measure was very good. Most importantly, the
condition of test administration did not affect eligibility for services in a school setting
according to the KEG-R. The hypothesis that there would be high levels of inter-rater
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agreement in both administration conditions is accepted. This data suggests single word
vocabulary tests (PPVT-4, EVT-2) and expressive syntax tests (SPELT-3) administered
via telepractice are as reliable as test administered in traditional conditions.
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Chapter Four: Discussion
Review of Purpose
Federal law mandates children with language disorders receive free and
appropriate intervention (U.S. Department of Education, 2010). Diagnosis is the first step
in the intervention continuum; however, children in rural American are often underserved
due to personnel shortages (American Speech-Language-Hearing Association, 2016).
Telepractice is proving to be a successful service delivery model for bridging the divide
between SLP and child. However, limited studies have demonstrated the reliability of
language testing conducted via telepractice (Ciccia, Whitford, Krumm, & McNeal, 2011;
Eriks-Brophy, Quittenbaum, Anderson, & Nelson, 2008; Waite, Theodoros, Russell, &
Cahill, 2010). Further research examining the reliability of language tests administered
via telepractice is necessary.
The purpose of this study was to assess the inter-rater reliability of three normreferenced language tests administered via telepractice. Specifically, the study compared
the effects of two administration conditions, tele-led and in-person led, on two
individuals’ ratings of child responses on the following three language assessments: the
Peabody Picture Vocabulary Test- Fourth Edition [(PPVT-4) Dunn & Dunn 2007],
Expressive Vocabulary Test- Second Edition [(EVT-2) Williams, 2007], and Structured
Photographic Expressive Language Test- Third Edition [(SPELT-3) Dawson, Stout &
Ever, 2003]. A total of 16 children diagnosed with a language disorder participated. As
semantics and syntax are known hallmark deficits to a language impairment, literature
investigating how these deficits translate to a telepractice environment is essential for
accurate assessment, diagnosis, and access to treatment.
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Review of Results
Group homogeneity. An independent samples t-test indicated there was no
significant difference in age between administration conditions.
Summary of statistical analysis. An independent samples t-test was performed
on all scores for each test to determine effective inter-rater reliability. With the exception
of the initial SPELT-3 raw score, no statistical difference was found between raters for
any measure. Intraclass Correlation Coefficient revealed inter-rater reliability was very
good for all measures. In actuality, greater inter-rater reliability was noted in the telecondition, which could be attributed to the child’s focus being directed toward the teleexaminer. When eligibility for speech and language services in Kentucky Public Schools
was determined for participants, there was 100% inter-rater agreement, therefore,
telepractice had no effect on qualification for services.
The study hypothesis was that there would be high levels of inter-rater agreement
in both administration conditions is accepted.
Contribution to the Literature
To date, three method comparison studies have been conducted comparing normreferenced language tests administered in a tele-environment to in-person administration.
In the current literature, there has only been one norm-referenced receptive vocabulary
test [(PPVT-3) Eriks-Brophy, Quittenbaum, Anderson & Nelson, 2008] and one
expressive vocabulary test [(EWOPVT) Eriks-Brophy, Quittenbaum, Anderson &
Nelson, 2008] administered in these conditions. In the current study, the updated version
of the receptive vocabulary test (PPVT-4) as well as a common expressive vocabulary
test (EVT-2) were investigated which had not been researched prior. As no statistically
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significant differences were found between any scores for these tests and ICC was rated
as very good, this study confirmed what was stated in previous studies, which is there is
statistically significant difference in inter-rater reliability of single word vocabulary tests
administered via telepractice as compared to in-person administration.
In the current literature, the only test of morphosyntax assessed within a
telepractice environment was the Recalling Sentences subtest on the CELF-4 (EriksBrophy, Quittenbaum, Anderson, & Nelson, 2008; Waite, Theodoros, Russell, & Cahill,
2010). Morphosyntax is a hallmark feature which, when assessed, can contribute to the
diagnosis of a language impairment (van der Lely H. K., 2005, Rice, Hoffman, &
Wexler, 2009). The current study began to address this noted gap in the literature by
investigating inter-rater reliability of the SPELT-3 administered in a telepractice
condition to an in-person condition. As no statistically significant differences were found
between adjusted raw scores and standard scores for this test and ICC was rated as very
good, this study provides initial support that expressive morphosyntax tests administered
via telepractice are as reliable as tests administered in traditional conditions.
Eligibility. Eligibility for speech and language services is one of the driving
forces behind assessment. State Departments of Education publish eligibility guidelines
to receive school district provided language services. This study applied the Kentucky
Eligibility Guidelines- Revised for students with speech or language impairment [(KEGR) Kentucky Department of Education, 2009], to participant’s scores to determine if
discrepancies between raters would affect eligibility for speech and language services in
Kentucky Public Schools. Perfect agreement existed between eligibility determinations
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regardless of condition. This provides initial support that assessments administered in a
telepractice environment do not affect eligibility for language services in public schools.
Discrepancies. For the receptive vocabulary test, the only discrepancies noted
were between pictures displayed on the same horizontal plane, likely due to the location
of the camera being at a slight angle over the child’s shoulder. Discrepancies for
expressive tasks included the deletion of unstressed syllables or phonemes (e.g. because –
cause), discrepancies between place, but not manner of phonemes (e.g. [t] was mistaken
for [p]), deletion of high frequency phonemes (e.g. [s] in cookies), and assimilation (e.g.
jumped down vs. jump down). These expressive discrepancies were attributed to audio
transmission in a telepractice environment and lack of visualization of the child’s
articulation during utterances. Inconsistent rater recording of the child’s utterance was
also noted throughout the morphosyntax test. As this test allowed for open-ended
responses, protocol had to be amended to define which part of a child’s utterance should
be recorded for scoring.
Clinical Implications
SLPs seeking to conduct language evaluations via a telepractice model are
encouraged to consider the following facilitators and barriers to recording reliable child
performance outcomes. First, thoughtful consideration should be given to the placement
of peripheral devices. In the present study, the test stimuli were displayed on a computer
screen to the left of the child while the camera providing the tele-examiner with a visual
image of the child was positioned directly in front of the child. At times the child would
be looking at the stimuli presented on the computer monitor or look down when
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responding to the two expressive measures. Placing testing stimuli, monitors and video
camera in the same vicinity could improve audio transmission.
Second, disagreements that occurred between the two raters were consistently
attributed to misperception of unstressed syllables and high frequency phonemes and
general effects of coarticulation. Having the tele-examiner wear headphones could
improve discrimination accuracy of at the phoneme and syllable levels. Additionally, an
external microphone at the child’s end may improve transmission of the audio stream.
This was not used in the current study as a dedicated videoconferencing system was used
which is designed with high quality audio and video.
Third, a protocol for control for unexpected interruptions would be beneficial
during telepractice interactions. In the current study, there were times when testing was
interrupted (e.g. parental comments to tele-examiner). Current technical manuals are
published for in-person testing, therefore there is no standardized protocol for
interruptions during telepractice. By establishing a protocol for unexpected interactions,
there would be a standard procedure to redirect the session or clarify responses which
were not heard. An example of this would be verifying the child’s response with the
client or tele-facilitator. This will eliminate the need to go back and re-watch recordings
or have doubts on the accuracy of the test item rating.
A luxury provided by telepractice is the ability to record and re-watch sessions.
Although tempting, is it necessary the tele-examiner record and re-watch every session?
It is current accepted clinical practice to not record or re-watch evaluations in the
traditional in-person setting. Participating in tele-administration of assessments provides
the feature of recording sessions and being able to re-watch questionable items or analyze
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responses in more depth. The question raised by authors is the necessity or feasibility of
re-watching every session. With the present study, the authors originally intended to
review all recordings to re-rate and improve inter-rater reliability, but due to technical
difficulties there was data loss. Recommendations based off of what recordings were left
are anecdotal in nature. The PI and RA re-watched and re-rated client session recordings
independently to investigate if inter-rater reliability could have anecdotally improved and
if re-rating would be worth completing for future studies. While the PI and RA were able
to increase the number of agreements, the only items re-watched and re-rated were those
on which there were discrepancies. This was often only 1-2 items per child. Clinically, it
is not feasible to re-watch an hour long session to improve raw score by one point- the
examiner would have to watch the entire recording, as there would be no second rater to
compare discrepancies with. This raw score improvement by one point will most likely
not effect eligibility for services, which is the driving force behind assessment. Telesessions may always be recorded so there is data to fall back on, but anecdotally authors
conclude it is not imperative the examiner re-watch them.
Limitations
The current study presented limitations which impacted the outcomes or
generalization of our study. The primary limitation of the current study was sample size.
Participant eligibility criteria hindered recruiting. For the current study, children with
only a language disorder were targeted. However, language disorders as a primary
diagnosis with no concomitant disorders is not often found in outpatient settings, as the
nature of these children’s communication disorders are severe promoting parents to seek
therapy in addition to school delivered services. A total of 29 facilities were contacted to
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participate in the study, while 22 were successfully reached, only three participated. Not
having a population that met eligibility criteria was the primary reason stated for not
participating in the study.
Factors which impacted rating included the child’s focus during in-person
administration and unexpected interruptions. During in-person administration, the child’s
focus was on the in-person examiner and traditional stimuli, therefore the tele-rater often
saw the side of the child’s face and/or the top of their head from the front-facing camera.
This presented a difficulty as the clarity of the child’s voice was distorted at times and the
tele-rater was unable to visualize the child’s articulation (making high frequency and
unstressed syllables harder to hear and increasing assimilation). Unexpected interruptions
included parental questioning, sibling outbursts, and staff in telesuite hallway.
Another factor which impacted rating was the location of the webcam. During
tele-led administration, the digital stimuli was displayed on a monitor to the slight left of
the child, and the front-facing camera was directly in front of the child. Not often, but in
some cases this influenced the tele-rater’s perception of the child’s utterances as it did in
the in-person administration. The location of the rear-facing camera was also slightly at
an angle over the child’s shoulder, which is believed to be the reason there were three
discrepancies of which image in the horizontal plane the child pointed to during the
receptive vocabulary test.
When considering generalization, it must be noted this study used a dedicated
videoconferencing system. This system was used as it is the tele-health center for the
University of Kentucky, and the authors wanted to ensure tele-administration of these
language tests could be completed prior to generalization of web-based systems. This
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system is most likely not a feasible option to rural and Appalachian area schools due to
high cost. The next step for research would be to implement this study in a natural setting
(e.g. school) with a web-based videoconferencing software.
Implications for Future Research
Further investigation is required to determine efficient generalization of
administration of language tests via telepractice in a variety of setting with diverse patient
populations. A first step would be to replicate the current study in a more natural
environment, such as a school setting, using a voice over internet protocol (VoIP). This
would introduce external factors not captured in the current study, such as the influence
of environmental background noise and the use of an e-helper to assist with test
administration. As previously mentioned, the current study used a dedicated
videoconferencing software system, which could be cost prohibitive to school districts.
By investigating VoIP systems, future studies could evaluate minimal levels of audio and
video quality required to maintain high test reliability. When using these systems,
placement of the monitors, test stimuli, and auxiliary cameras should be considered to
maximize transmission of the participant’s responses.
When implementing further studies, another factor that should be considered is
study population. Future studies could recruit children diagnosed with a language
impairment with concomitant disorders. These include Down Syndrome, Autism
Spectrum Disorder, Traumatic Brain Injury, and Auditory Processing Disorder. Studying
these and similar testing conditions and populations will allow for the identification and
remediation of barriers impacting the reliability of testing conducted via telepractice.
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Conclusions
The aim of this study was to assess the inter-rater reliability of three normreference language tests- the Peabody Picture Vocabulary Test- Fourth Edition [(PPVT4) Dunn & Dunn 2007], Expressive Vocabulary Test- Second Edition [(EVT-2)
Williams, 2007], and the Structured Photographic Expressive Language Test- Third
Edition [(SPELT-3) Dawson, Stout & Ever, 2003] administered in telepractice
environment as compared to an in-person environment. These tests were administered to
children with language impairments via telepractice as compared to in-person
administration. This study concluded single word vocabulary tests (PPVT-4, EVT-2) and
expressive syntax tests (SPELT-3) administered via telepractice are as reliable as test
administered in traditional conditions. No significant differences were noted between
inter-rater reliability of language tests, as well as in eligibility for services in Kentucky
public schools with greater inter-rater reliability noted in the tele-condition.
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Appendix B: Participant, Rater, and Test Predetermined Randomized Order
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Appendix C: Permission to Digitally Reproduce SPELT-3

Note. Ashley Sennett was the original IRB Approved research assistant for this study.
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